Objective Emergency department (ED) staff need to rapidly establish accurate diagnosis and management for children with arrhythmias. Limited data are available on the presenting features, epidemiology and management of arrhythmias encountered in the ED. The aim of this study was to characterise the incidence, presenting features, management and outcomes of arrhythmias at a large tertiary children's hospital ED. Patients and methods Retrospective review of medical records identified via the ED electronic database using ICD-10 codes for arrhythmias including cardiac arrests over a 6-year period (2002e2008). Patients <18 years were analysed using predefined criteria. Results There were a total of 444 non-arrest arrhythmias with an incidence of 11.5:10 000 presentations. Median age of patients at presentation was 10.4 years; 45% were male. Supraventricular arrhythmias (SVTs) represented the largest subgroup (n¼250, 56%). Conduction disorders (n¼18), ventricular tachycardia (n¼17) and atrial flutter/fibrillation (n¼7) were rare. There were 19 cardiac arrests. Fifty-seven (13%) patients had underlying congenital heart disease. For ongoing SVT (n¼135), vagal manoeuvres were used in 74%, and antiarrhythmic drugs in 64%. In five patients with SVT, drugs other than adenosine were used. Defibrillators were used only on 2 occasions for arrthymias and 6 times for cardiac arrests. 18 of 19 children in cardiac arrest died. Conclusion In this largest paediatric series outside the intensive care and postoperative setting, arrhythmias were uncommon, defibrillator use was very rare, and observed mortality was low.
INTRODUCTION
The emergency department (ED) will often be the first port of call for children with palpitations or chest pain caused by an irregular heartbeat. The background of the concerns with these children is the possibility of fatal arrhythmias which have been recognised in the aetiology of out-of-hospital cardiac arrests. 1 2 Children with congenital heart disease in particular are at increased risk of significant arrhythmias and sudden cardiac death. 3 Nonsustained ventricular and supraventricular tachycardias (VTs and SVTs) are commonly encountered during the acute postoperative phase in the paediatric intensive care unit (PICU). 4 However, even otherwise healthy children may experience arrhythmia-related syncopes or sudden death. 5 Sudden cardiac death is encountered relatively often in adult patients with increased risk due to underlying structural heart disease or myocardial ischaemia. 6e10 Comparatively few data have been published on the epidemiology, initial emergency management and outcome of paediatric arrhythmias in the ED. 11e13 Management of arrhythmias and cardiac arrests in children has been addressed by the International Liaison Committee on Resuscitation (ILCOR). 14 Training courses, such as Advanced Paediatric Life Support (APLS), 15 include sections on the drug and electrical management of arrhythmias. Whether this leads to better outcomes remains controversial. 16 We set out to characterise the epidemiology of arrhythmias in children in a large tertiary paediatric ED and aimed to identify the pattern of use of antiarrhythmic agents and defibrillators. Ultimately, these data should assist staff to optimally prepare for cardiac arrhythmias in children.
PATIENTS AND METHODS Design and setting
A retrospective observational study was conducted in the ED of a large, urban children's hospital with an annual ED census of 69 000 patients. All children <18 years of age presenting with cardiac arrhythmia or cardiac arrest between 1 January 2002 and 30 August 2008 were included. This study was approved as an audit by the hospital institutional review board.
Inclusion and exclusion criteria
Arrhythmia patients were identified using ICD-10 codes (I45.9, I46.9, I47.1, I47.2, I48, I49.9 or Z95) via the ED Hospital Administration System where a cardiac arrhythmia comprised the primary diagnosis. Sinus tachycardia due to fever, dehydration or respiratory complaints, as derived from the individual case notes, were excluded. Patients coded with cardiac arrest were analysed separately. We excluded trauma-related arrests and those triaged as dead on arrival.
Procedure
For identified cases, patient's written case notes and electronic records were extracted for demographics, arrhythmia information, medical history, signs and symptoms, ED and inpatient or outpatient management, and patient outcomes. We recoded arrhythmias based on (in descending order) documented electrophysiological testing, cardiology consultation, 24 h ECG recordings, ECG analysis in the ED, and diagnoses documented by the treating physician. When more than one type of arrhythmia was present or when there was a divergent interpretation of the data, we reanalysed the primary sources of arrhythmia assessment to establish the most serious and accurate type of arrhythmia for our analysis. Cardiology or ED physician assessment was otherwise accepted as stated. category 1, 2, 3, 4 and 5 are to be seen immediately or within 10, 30, 60 and 120 min, respectively. Sinus bradycardia was defined as a heart rate of <60 per min.
Analysis
Values are reported as mean with SD or median with IQR. Relevant percentages are reported with 95% CIs.
RESULTS
Search by ICD-10 codes identified 523 ED visits with a discharge diagnosis of arrhythmias during the 6.5-year study period. We excluded 79 encounters with duplicative documentation and those coded as paediatric arrhythmias but which on review of the case notes did not meet our inclusion criteria. There were therefore a total of 444 patient encounters with arrhythmias in 288 individual patients, which constituted the study group for further analysis. We identified 19 cases of cardiac arrest during the study period.
Paediatric arrhythmias presented with an incidence of 11.5/ 10 000 ED presentations. SVT occurred in 6.5/10 000 presentations. Other specific arrhythmias and cardiac arrest were very uncommon (tables 1 and 2). Among the presenting complaints, palpitations were named most often (61%). Congenital heart disease was noted in 13% of patients. Thirty-one per cent of patients required admission, and only 16 patients (3.5%) were admitted to the PICU.
Supraventricular tachycardias
There were 250 ED presentations with SVT in 135 patients (table 3). Median age was 8.8 years. The majority (63%) presented only once (figure 1). One-third of SVT patients were admitted to hospital, five to the PICU. One-third of SVT patients had ventricular pre-excitation as documented in their records. Two-thirds of patients presented with palpitations. Half the patients (135; 54%) were in active SVTon arrival. Attempted vagal manoeuvres were documented in 100 of 135 presentations (74.1%) with persistent SVT. In 86 of 135 (64%) with active SVT antiarrhythmic agents were administered. Adenosine was the agent most often used in 82 of 86 cases (95%) with a median number of two adenosine doses (IQR 1e2, range 1e7). Thirtynine of 82 patients (48%) reverted to sinus rhythm after a single dose of adenosine, 25 (30%) after two doses.
Only six patients with SVT received other treatments including amiodarone, sotalol, propranolol and cardioversion. Three patients received amiodarone infusions. Two patients failed multiple doses of adenosine and reverted with amiodarone. One patient with known congenital heart disease and atrial tachycardia received amiodarone in the ED, who was subsequently monitored in the PICU. A 15-year-old with repaired atrioventricular septal defect presented with SVT and received metaraminol for significant hypotension before hospital admission. On arrival in the ED, he was started on sotalol as per cardiology advice. A 1-day-old term baby was transferred from another hospital by the neonatal retrieval service with an antenatal diagnosis of SVT. After unsuccessful adenosine and propranolol treatment before arrival in the ED, the heart rate was recorded as 250 beats/min in the ED. Propranolol was continued, and the patient was admitted with persistent reciprocating junctional tachycardia for further cardiac management. Only one SVT patient with known pre-excitation was successfully cardioverted in the ED after unsuccessful vagal manoeuvres and adenosine.
Conduction disorders
Conduction disorders were seen in 18 children aged 9 months to 17 years. Atrioventricular (AV) conduction disorders were found in four children with a first degree AV block, four with a second degree AV block, and four with complete AV block. Four of these 12 children were known to have a degree of AV conduction delay before attending the ED. An additional six patients with long QT syndrome were seen. Half of these children had a family history of channelopathies. Two of these were asymptomatic at presentation and specifically referred to the ED by their family physician for evaluation. Other ED presentations of patients with conduction disorders were related to chest pain (six), lethargy (four), syncope (three), respiratory distress (two) and palpitations (one). One syncopal patient with known complete AV block received isoprenaline for a failing pacemaker that was replaced during hospital admission. Another patient with a pacemaker presenting with complete heart block received a new device during admission. One patient with second degree AV block was diagnosed with rheumatic fever and started on penicillin and aspirin. All children presented only once during our observation period, and no other antiarrhythmic agents or electrical interventions were administered in ED.
Ventricular tachycardias
There were 17 episodes of VT in only five patients, aged 10e16 years. One patient with known torsade des pointes tachycardia and implantable cardioverter defibrillator (ICD) in situ presented 10 times during the observation period following shocks delivered by the device. Another patient with Brugada syndrome who had an ICD presented on four occasions with VT, as documented by the device. Recurrent idiopathic VT was seen in one patient, and cardiomyopathy caused VT in another case. One child presented with VT and a positive family history of ventricular arrhythmias. Syncope was the leading cause of presentation (10), followed by respiratory distress (three), palpitations (two), chest pain (one) and lethargy (one). Only one patient had an active ED intervention: a 16-year-old with known cardiomyopathy presented with palpitations. He was treated for VT with lignocaine before hospital admission. On arrival, his VT persisted with initially stable haemodynamics. He was given amiodarone with no success and was subsequently intubated and cardioverted to sinus rhythm for increasing cardiovascular instability. He received an ICD during his hospital stay.
Atrial fibrillation/flutter
AF was coded in seven children who each presented once to ED. These patients were aged 12e17 years, and six of them had known AF either associated with dilated cardiomyopathy (CMP) (one) or operated complex congenital heart disease (five). Only one patient had de novo AF and was diagnosed as having Brugada syndrome during admission. Patients presented with palpitations (four), chest pain (two) or lethargy (one). None of the children received antiarrhythmic drugs or electrical intervention in the ED. Six patients were admitted; four were cardioverted during hospitalisation.
Other arrhythmias
There were a total of 151 presentations classified as 'other arrhythmias' which were sinus arrhythmia in 134 cases, sinus bradycardia with a heart rate of <60 beats/min in 10 cases, sinus tachycardia without fever, dehydration or respiratory compromise and premature atrial contractions in three cases, and one case of frequent ventricular ectopics. The median age was 10.9 years (IQR 7.9e14.8) in this subgroup with the majority of children 6 years or older (87%). Palpitations were the most common complaint. None received antiarrhythmic drugs in the ED. The admission rate was 20%, with one admission to the PICU following a caffeine overdose with numerous 'Red Bull' drinks and caffeine tablets in a 14-year-old.
Cardiac arrests
During the study period, we encountered 19 cardiac arrests presenting to the ED. According to the first ECG tracing in the ED, pulseless electrical activity was recorded in 11, ventricular fibrillation (VF) in five, sinus bradycardia in two, and AF leading to fast ventricular conduction in an 11-year-old boy with WolffeParkinsoneWhite syndrome. He was defibrillated to a stable sinus rhythm and underwent electrophysiological testing with ablation of his accessory pathway. He was the only survivor to hospital discharge in this cohort. Among four affected children with known operated congenital heart disease, two had shunt-dependent cyanotic lesions, one had recent surgery for aortic regurgitation, and one had undergone corrective surgery for pulmonary atresia with ventricular septal defect and major aortopulmonary collaterals. One patient had known coronary aneurysms following Kawasaki's disease. Another one was found to have cardiomyopathy on post-mortem examination. Three children with overwhelming sepsis and two with end-stage renal failure were seen. One patient was diagnosed as having glutaric acidaemia type 1 on post-mortem examination, and another one was diagnosed as having a previously unrecognised congenital diaphragmatic hernia. One patient suffered respiratory failure with subsequent cardiac arrest in the out-ofhospital setting. One teenager with cocaine intoxication died in the ED. Two children were diagnosed as having sudden infant death syndrome (SIDS) on post-mortem examination, and two others had out-of-hospital arrests of unknown aetiology. Sixteen of these patients received epinephrine, 11 atropine, one metaraminol, one amiodarone, one esmolol and one magnesium. Four patients were defibrillated before hospital admission and six in the ED, which included the one survivor. Five patients had VF as the first documented rhythm in the ED, and four were defibrillated to temporary sinus rhythm (one cocaine overdose, one end-stage renal failure, one SIDS, one out-of-hospital arrest of unknown aetiology) with subsequent degeneration of 
DISCUSSION
In this largest ED series to date, paediatric arrhythmias were dominated by SVTs. Few patients had other significant arrhythmias beyond sinus arrhythmias. Very few patients were cardiovascularly unstable or died from arrhythmias. While adenosine was commonly used in SVT, other antiarrhythmics were only used in seven of 444 patients (2%) with any arrhythmias outside cardiac arrest. Potentially shockable rhythms such as unstable SVT, VT and VF were only encountered very rarely. Over 6.5 years at this large Australian paediatric ED, a defibrillator was only used in one patient with unstable SVT and in one patient with VTdthat is, 0.5% of patients outside cardiac arrest, and six of 19 patients with cardiac arrests in the ED. The only comparable dataset on the epidemiology of paediatric arrhythmias was a review of data from 26 regional EDs in the USA by Sacchetti et al. 11 As none of the EDs in that study had a designated paediatric ED and our study ED was located at the only tertiary regional children's hospital for a population base of five million, we expected much higher numbers of arrhythmias and patients receiving complex antiarrhythmic or electrical therapy. However, overall, we found the distribution of the types of arrhythmias only slightly different from the Sacchetti et al data. 11 Whereas sinus arrhythmia was most common in the analysis by Sacchetti et al, we saw SVT as the predominant arrhythmia. Even though this study included more patients with congenital heart disease (13%) than that of Sacchetti et al (2%), the incidence of ventricular, cardiovascularly unstable and fatal arrhythmias was low. These data are in contrast with the postcardiac surgery and PICU setting, where high rates of ventricular arrhythmias and higher mortality have been reported, 4 18 and in contrast with adult data.
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A number of children had been coded as SVT, but did not present with ongoing tachycardia in the ED. Some of these children, or their parents, had been previously instructed to attempt vagal manoeuvres and managed to terminate the arrhythmia before the ED visit while others stopped spontaneously. Many children had a history of SVT, which helped in establishing a rapid treatment plan. Vagal manoeuvres are to some extent beneficial when the patient is haemodynamically stable. 14 20 We note that, of 135 with active SVT, 100 had documented vagal manoeuvres, of which 82 went on to receive adenosine, which would indicate a low rate of success of vagal manoeuvres of any kind. We are unable to address the optimal mode of vagal stimulation because of a lack of detailed ED documentation. Adenosine was the most effective treatment of choice for SVT as described in other studies 21 22 and as suggested by ILCOR.
14 Only a minority required other drug treatments, such as amiodarone, sotalol or propranolol. 23 24 The majority of children who could talk described 'palpitations' as the leading symptom for their SVT. 'Chest pain' was ranked second, followed by syncopal events in the ED records. Coexisting congenital heart disease was seen in more than 10% of SVT cases, and ventricular pre-excitation was diagnosed in one-third of presentations. Haemodynamic instability was rare in the SVT group, and only one patient with known WolffeParkinsoneWhite syndrome experienced a cardiac arrest secondary to atrial fibrillation with subsequent fast ventricular conduction and loss of cardiac output. Electric shocks were successful in establishing spontaneous circulation in this case, and the patient made a full recovery. There was a distinct age peak for SVT presentations in children 6e12 years of age, which stands in contrast with previous reports. 11 Although we did not encounter any in-hospital deaths in infants presenting with SVT during the 6.5-year study period, unrecognised SVT may lead to acute cardiac decompensation in this age group. 25 26 Arrhythmias beyond SVT, including conduction disorders, AF and VTs were very rare and mostly presented with prior and known structural or non-structural cardiac history. Even this more complex subset rarely required antiarrhythmic or electrical therapy in the ED. This again stands in contrast with postcardiac surgery, PICU and the adult setting. 4 18 19 The number of cardiac arrests seen in the ED was also low, and the aetiologies were diverse with a poor overall survival rate as described in previous reports. 27e29 Only one out of 19 children survived to discharge. Non-shockable rhythms were seen in the majority of children, and defibrillators were used for only six patients. Epinephrine was the drug most commonly used. Resuscitation management was overall consistent with published paediatric consensus guidelines. 14 23 ED staff education and clinical practice guidelines will need to consider these findings. The low frequency of unstable arrhythmias and urgent antiarrhythmic and electrical interventions in the ED, with the exception of adenosine for SVT, will likely pose challenges for staff training and skills retention. Antiarrhythmic management including defibrillator use may require the use of simulation-based training to maintain rarely used skills, 30 31 and complex or unresponsive arrhythmias should lead to the early involvement of, and consultation with, cardiology and intensive care services.
Limitations
This study has a number of limitations. The case identification was based on ICD-10 codes of arrhythmia as set out in the patients and methods section. Patients would have been missed if their presentations were coded with a non-arrhythmia ED diagnosis. Management represents local practice, and the availability or absence of intensive care and cardiology services will influence whether certain interventions are performed in the ED or elsewhere. Local paramedic services at the study hospital can terminate resuscitation efforts before hospital admission, which may have influenced the distribution of presenting rhythms in patients with cardiac arrest. Patients triaged dead on arrival and trauma-related cardiac arrests were excluded. As a retrospective study, data abstraction depended on the accuracy and completeness of the medical records. We attempted to optimise chart review as set out by Gilbert et al. 32 However, the abstractors were not blinded to the study hypothesis.
CONCLUSION
In this large paediatric series, cardiovascularly unstable or fatal arrhythmias were very rare in the ED. Beyond adenosine for SVT, antiarrhythmic agents or a defibrillator were rarely used. These findings have implications for staff education and skill retention.
